The objective of the study is to analyze the effect of different extracting methods on the polyphenolic content and antioxidant activities in Piper betle leaves. In the present research, P. betle leaf extract was prepared by sonication, Soxhlet and maceration methods using acetone (100%, v/v). The efficiency of the extraction methods was estimated by quantifying the total phenolic content (TPC) by the Folin-Ciocalteu method and total flavonoid content (TFC) by AlCl 3 colorometric methods, and antioxidant power of the various extracts was determined by DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS 2,2′-azinobis(3-ethylbenzthiazoline-6-sulfonic acid) radical scavenging assay. Thin-layer chromatography (TLC) bioautography was carried out to identify antioxidants, and their amount was determined by the newly developed high-performance thin-layer chromatography (HPTLC) method. DPPH free radical scavenging capacity of the different extracts from strongest to weakest was as follows: ascorbic acid (4.27 µg/mL) > sonication (5.35 µg/mL) >, maceration (5.53 µg/mL)>, soxhlet extraction (5.83 µg/mL). Same trend was also observed for the ABTS radical scavenging capacity. Similarly, findings of this study also showed that sonication extract possessed highest phenolic and flavonoid contents followed by maceration and Soxhlet extraction. In addition, important bioactive phenolic constituents which contribute largely towards antioxidant potential such as eugenol and eugenol acetate were quantified using HPTLC (high-performance thin-layer chromatography) method. The average percent recovery of eugenol and eugenol acetate was found to be 97.28% and 98.04%, respectively. The LOD (limit of detection) and LOQ (limit of quantification) for eugenol were 5 and 15 ng/spot, whereas that of eugenol acetate were 10 and 30 ng/spot. The HPTLC densitometric determination also supported the results of antioxidant assays by revealing the presence of higher amount of identified antioxidants in sonication followed by maceration and Soxhlet extraction. The developed HPTLC chromatogram profile may be used as a reference for the standardization of P. betle leaf extracts.
Introduction
Piper betle belongs to the Piperaceae family which has been considered to be one of the most important plants having a significant medicinal value and has a variety of applications from a variety of pharmacological activities. This plant is widely distributed throughout East Africa and the tropical regions of Asia which is originated in central and eastern peninsular Malaysia (Pin et al. 2010; Jaganath 2000) . Betelvine being a commercial crop is cultivated in many regions of India and Sri Lanka (Guha 2006) . Betel leaves are known to consist of fat 0.8, carbohydrate 6.1, moisture 85.4, fiber 2.3, calcium 230 mg, protein 3.1, phosphorous 40 mg, iron 7 mg, carotene (as vitamin A) 9600 IU, vitamin C 5 mg/100 g, riboflavin 30 µg, iodine 3.4 µg, nicotinic acid 0.7 mg and thiamine 70 µg (Periyanayagam et al. 2012) . The leaf extract of Piper betle contains substantial quantities of bioactive compounds such as polyphenols, alkaloids, steroids, saponins and tannins (Shetty and Vijayalaxmi 2012) . The betel leaf extract possesses a number of health-related activities including anti-cancer, antimicrobial and anti-inflammatory, antioxidants, antimutagenic, antiplaque, and antidiabetic activities (Arambewela et al. 2005; Mazura et al. 2007; Nalina and Rahim 2007; Hajare et al. 2011) . Eugenol plays a vital role as it is considered to be an important phytochemical with analgesic, anesthetic and antiinflammatory properties. This property of eugenol makes it applicable in food and cosmetics industry (Chitnis 2017) .
Free radicals plays an important role in many health issues like rheumatoid, arthritis, Alzheimer's disease, cardiovascular diseases, cancer and other neurodegenerative disorders. It has been proved that antioxidants scavenging these free radicals are valuable for these disorders by preventing damage against lipids, proteins and carbohydrates (PhamHuy et al. 2008) . The antioxidant property delays and inhibits oxidation of cellular components and molecules (Nijveldt et al. 2001) . Thus, the level of activity of various phytochemicals is important for the evaluation of their potential health benefit to humans. Some of the significant phytochemical constituents of Piper betle leaf are α-tocopherol, eugenol, hydroxychavicol, ursolic acid and β-carotene (Rai et al. 2011) . The aqueous leaf extract of an Piper betle cultivar named Kauri was capable of scavenging superoxide radical, hydroxyl radical and 1,1-diphenyl-2-picrylhydrazyl (DPPH) (Dasgupta and De 2004) . The betel leaf extracts also inhibit the FeSO 4 -induced and radiation-induced lipid oxidation (Rai et al. 2011; Choudhary and Kale 2002) .
From the study, it has been found that the mode of extraction plays an important role in the quantity and type of phytoconstituents present in the leaf extract (Das et al. 2010 ). There are different methods of extraction such as maceration, sonication and soxhlation. Traditional extraction methods such as Soxhlet extraction and maceration are generally used at small-scale research. The present day extraction methods such as ultrasound assisted (UAE), supercritical fluid extraction (SFE) and microwave assisted (MAE) have also been introduced to increase yield at lower cost.
TLC profile of various extracts can be used as a reference in standardizing the raw drugs involved in herbal formulations (Shulammithi et al. 2016) . HPTLC method has become a universally accepted method as it provides better resolution in short time interval with valid accuracy for the formulation of herbal medicines (Khan et al. 2016) .
The present work is based on the effects of extraction techniques on the quality and quantity of betel leaf extracts. The contents of bioactive constituents including eugenol and eugenol acetate in the extracts of dried leaves extracted by different methods were determined using HPTLC fingerprint. The antioxidant activity, and total phenolic and flavonoid contents of the Piper betle leaf extracts extracted by different extraction methods such as maceration, sonication, and Soxhlet extraction methods were also studied in the present research work.
Materials and methods
Piper betle leaves of Godibangala variety were collected from the coastal region of Odisha. The plant was authenticated by Dr. P.C. Panda, Principal Scientist (Taxonomy and Conservation Division, RPRC, Bhubaneswar) and the voucher specimen (10107) was deposited in the Herbarium of Regional Plant Resource Centre, Bhubaneswar, Odisha, India. These collected plants were then maintained in the green house of Centre for Biotechnology, Siksha 'O'Anusandhan University, Bhubaneswar, Odisha.
Preparation of crude extracts
Fresh Piper betle leaves were washed properly in distilled water, air dried for 10 days at room temperature and powdered. Then, the dried leaf powder was extracted by three different extraction methods, namely Soxhlet extraction, sonication and maceration using acetone as solvent.
All the extractions were carried out from 100 g of the powdered leaf sample in 500 mL of acetone (99.7%, v/v). Soxhlet extraction was conducted using acetone as solvent (56 °C) for 8 h; maceration was carried out at the room temperature for 72 h with occasional stirring. Sonication was carried out at room temperature for 1 h using Sonics Vibra cell sonicator with a power level at 135 W and sonication frequency at 40 kHz. All the extracts obtained from different methods were stored in an air tight container at 4 °C for analysis.
Determination of total phenolic content
The concentrations of total phenolic content in all the extracts were evaluated using Folin-Ciocalteu reagent and external calibration was performed with gallic acid briefly as explained by Shiban et al. (2012) .
Determination of total flavonoid content
The total flavonoid content (TFC) of each extract was investigated using the aluminum chloride colorimetric method illustrated by Chang et al. (2002) .
Determination of antioxidant activity

DPPH radical scavenging activity
The free radical scavenging activity of various extracts of Piper betle was evaluated by the 2,2-diphenyl-1-picryl-hydrazyl (DPPH) method in which the electron-donating capacity of the extract was calculated from the bleaching of the purplecolored DPPH solution dissolved in methanol. This spectrophotometric assay uses DPPH as a stable reagent . A solution was prepared by dissolving 1 mg of DPPH in 25 mL of methanol. The sample of different concentrations (1-15 µg/mL) was prepared in methanol in different tubes and was mixed with 1 mL of DPPH solution. Then, the reaction mixture was vortexed properly and left for 30 min in dark. A control sample containing 1 mL of methanol with 1 mL of DPPH solution was used to measure the maximum DPPH absorbance. The absorbance of the mixture was measured by spectrophotometer at 517 nm. Ascorbic acid was used as the reference. Results were expressed as percentage of inhibition of the DPPH radical according to the following equation:
where A c and A t are the absorbances of control (solution without extract) and test (extract and ascorbic acid), respectively, at 517 nm. The experiment was repeated for three times to ensure the results. The antioxidant activity of each sample was expressed in terms of IC 50 (concentration of an inhibitor where the response is reduced by half), calculated from the graph after plotting inhibition percentage against extract concentration.
ABTS cation free radical scavenging activity
The ABTS + chemistry implicates nonstop production of ABTS + radical mono cation by means of no contribution of any mediator radical (Priyanga et al. 2015) . The antioxidant activity of the extracts was also measured by 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) method where ammonium persulfate is added to ABTS and is converted to its radical cation. This radical cation is blue in color and absorbs light at 734 nm (Re et al. 1999) . To determine ABTS radical scavenging assay, the method of Jena et al. (2017) was followed. The ABTS solution was prepared by mixing 7 mM ABTS with 2.45 mM ammonium persulfate and stored in the dark room at room temperature for 16 h. ABTS was diluted with methanol before initiating the experiments to obtain an O.D. of 0.70 ± 0.02 at 734 nm. A 1 ml of different concentrations of oil samples (1-15 µg/mL) was mixed with 1 mL of ABTS solution. Then, measurements of the samples were recorded immediately at 734 nm using Thermo fisher evolution 220 UV-Vis spectrophotometer against methanol as blank. Ascorbic acid was used as positive control. The percentage of inhibition of the ABTS radicals was carried out similar to that of DPPH method. Results were expressed as percentage of inhibition of the ABTS according to the following equation:
where A c and A t are the absorbances of control (solution without extract) and test (extract and ascorbic acid), respectively, at 734 nm. The experiment was repeated for three times to ensure the results. The antioxidant activity of each sample was expressed in terms of IC 50 (micromolar concentration required to inhibit ABTS radical formation by 50%), calculated from the graph after plotting inhibition percentage against extract concentration.
HPTLC instrumentation and conditions
Stock solutions of P. betle samples (100 mg/mL) were prepared in acetone. The working solution of P. betle samples was made by dissolving 1 ml and making the volume to 10 mL in acetone. The standard solutions of eugenol and eugenol acetate were prepared (1 mg/mL) in methanol. They were diluted further so as to make various concentrations of calibration curves. Each concentration of standard solutions of eugenol, eugenol acetate and plant extracts was applied band wise in duplicates onto TLC plates as 6-mm bands and 1 mm apart using Linomat 5 applicator (Camag, Muttenz, Switzerland) equipped with a 100-µL syringe (Hamilton, Nevada, USA) with constant application rate of 0.2 µL/s. The plates were developed to a distance of about 80 mm using linear ascending development technique in a twintrough chamber pre-saturated with mobile phase. Then it was air dried at room temperature. Densitometric scanning was performed in absorbance mode at 254 nm.
HPTLC method validation and quantification
The developed HPTLC method was validated for instrumental precision linearity, repeatability and accuracy. Instrumental accuracy level was investigated by measuring the difference between inter-day and intra-day. The optimized chamber saturation time for mobile phase was 15 min at room temperature (25 ± 2 °C) at relative humidity of 60 ± 5% RH. Linearity of the method investigated for eugenol was from 10 to 50 ng and for eugenol acetate was 200-800 ng, respectively. Intra-day variation was established by applying three individual spots of standard concentration of eugenol (20 ng/band) and eugenol acetate (200 ng/band) onto different plates on the same day, and inter-day variation was measured by doing the same assay over a period of 3 days. LOD and LOQ were analyzed to determine sensitivity of the method. LOD and LOQ were measured based on the standard deviation response of blank. Slope was determined from the calibration curve of standard eugenol and eugenol acetate. The LOD and LOQ were calculated from the equations: LOD = 3.3 (SD/S) and LOQ = 10 (SD/S). Recovery was established by the standard addition method. A known quantity (10 mg) of eugenol and eugenol acetate were added to 1 g of P. betle leaf powder followed by maceration. The percentage recovery of eugenol and eugenol acetate was also evaluated. The specificity of the experiment was established by comparing the retention factor (R f ) value of resolved band in sample extracts with that of reference standard eugenol and eugenol acetate. The band resolved in sample extracts was confirmed by superimposed overlay UV spectra of peaks of reference standard with that of corresponding band in the sample track. Purity was studied by overlaying the absorption spectra at start, middle and end positions of the band resolved from the leaf extracts with that of reference standards. The amount of eugenol and eugenol acetate in the sample was measured using the linear regression equation derived from the calibration curves.
Results and discussion
DPPH radical scavenging activity assay
The results of DPPH scavenging activity are shown in Fig. 1 . The ability of samples to reduce the DPPH free radical scavenging activity was evaluated on the basis of their 50% inhibition concentration (IC 50 ) value. The lowest IC 50 values indicated the highest free radical scavenging activity of the extract. DPPH free radical scavenging capacity of the different extracts were as follows: ascorbic acid (4.27 µg/ mL) > sonication (5.35 ± 0.3 µg/mL) > maceration (5.53 ± 0.07 µg/mL) > Soxhlet extraction (5.83 ± 0.16 µg/ mL) (Table 1) . It was observed that sonication extract exhibited potent DPPH radical scavenging activity with an IC 50 value of 5.35 µg/mL which was higher followed by maceration and soxhlation extract. The presence of high content of eugenol and eugenol acetate in the extract obtained by sonication method may be responsible for its high antioxidant activity.
ABTS free radical scavenging activity
The results of DPPH scavenging activity are shown in Fig. 2 IC 50 values of the samples are used as an index to compare the antioxidant activity of the extracts. The ABTS radical scavenging capacity of the leaf extracts were as follows: ascorbic acid (2.46 ± 0.2 µg/mL) > sonication (2.82 ± 0.43 µg/mL) > maceration (3.73 ± 0.18 µg/ mL) > Soxhlet extraction (5.023 ± 0.05 µg/mL) ( Table 1) . ABTS free radical scavenging activity was also found to be highest in sonication extract followed by maceration and Soxhlet extraction. Annegowda et al. (2013) reported that the percentage of inhibition of the samples examined by both the DPPH and ABTS assays was in the order of ascorbic acid > sonication > maceration > Soxhlet extraction which was similar to the present study. The results obtained by DPPH method is found to be different from ABTS assay as DPPH is considered to be a concentration-dependent method whereas ABTS is a dose-dependent method (Kamila et al. 2017) . The other reason for this variation may be due to the fact that transfer of electrons in ABTS occurs at a faster rate in comparison with the hydrogen-donating potential of DPPH free radicals (Ennajar et al. 2009 ).
Total phenolic and flavonoid contents
The content of total phenols was determined spectrophotometrically using Folin-Ciocalteu reagent and gallic acid as a reference standard. The relationship between the content of gallic acid and absorbance is expressed as the equation y = (0.868x + 0.022). Total flavonoid content was investigated using the aluminum chloride method and quercetin as standard. The relationship between the content of quercetin and absorbance is expressed as the equation y = (0.039x + 0.018). From Table 1 , it can be observed that the total phenolic content was higher in sonication extract followed by extract obtained by maceration and soxhlation method where the total flavonoid content was also higher in sonication extract followed by Soxhlet extraction and maceration.
HPTLC densitometric determination and quantification of identified compounds
The role of HPTLC for obtaining chemical fingerprinting of a plant in terms of one or more chemical marker compounds has been reported by several researchers (Ray et al. 2016; Al-Massarani et al. 2016) . Certain plants exhibit antioxidant activity due to the presence of various phenolic constituents. Phenols are secondary metabolites consisting of an aromatic benzene ring compound attached to one or more hydroxyl groups. Plant polyphenols are a source of dietary antioxidants and offer protection against various diseases. Eugenol and eugenol acetate possess good antioxidant properties (Vanin et al. 2014; Gülçin 2010) . The presence of eugenol and eugenol acetate in P. betle leaf extracts was confirmed by HPTLC densitometric analysis. Different trials were made using different solvents in different proportions. Finally, the mobile phase of n-hexane:ethyl acetate (7.5:2.5) was chosen as it gave compact peak at R f 0.64 for eugenol and R f 0.75 for eugenol acetate with high resolution. The HPTLC chromatogram (Fig. 3) represents the qualitative analysis of different extracts of P. betle leaves and standards with varying concentration at 254 nm.
The developed HPTLC method for estimation of eugenol and eugenol acetate was validated in terms of repeatability, precision, accuracy and specificity ( Table 2 ). The bands of eugenol and eugenol acetate in sample were confirmed by comparing their R f and superimposed overlay UV spectra of peaks of eugenol and eugenol acetate in standard with that of corresponding compound in extract as shown in Fig. 3 . The calibration plot was linear over the range 10-50 ng/spot with a correlation coefficient (R 2 ) of 0.999 for eugenol and 200-800 ng/spot with a correlation coefficient (R 2 ) of 0.995 for eugenol acetate. The calibration curve was determined by the linear regression equation Y = 24.599 + 1.545 × X for eugenol and Y = 15.455 + 0.144 × X for eugenol acetate (where X is the concentration of standard and Y is the peak area). This revealed a good linear relationship between concentration and peak area for HPTLC method. The average percent recovery of eugenol and eugenol acetate was found to be 97.28% and 98.04%, respectively. The LOD and LOQ for eugenol was 5 and 15 ng/spot, whereas that of eugenol acetate were 10 and 30 ng/spot, respectively, as shown in Table 2 . Intra-day precision and inter-day precision were Table 3 .
Remarkable variation was found in the eugenol and eugenol acetate contents in P. betle leaf extracts isolated by sonication, maceration and Soxhlet methods. Eugenol content was found to be 3.2, 1.8 and 1.6 mg/g (Table 3) in sonication, maceration and Soxhlet methods, respectively. Similarly, the content of eugenol acetate found by sonication, maceration, and Soxhlet was 3.69, 3.46, and 3.15 mg/g, respectively. The sonication method was found to be effortless, fast and a better method for the extraction of polyphenols compared to Soxhlet and maceration methods by providing a high yield. Our report is in close agreement with Annegowda et al. (2013) who reported that the ethanol extract of P. betle leaves obtained by sonication exhibits high eugenol, allylpyrocatechol and eugenol acetate contents. The present study deals with the acetone extract of P. betle leaves as the yield of the extract was high in comparison with other solvents such as petroleum ether, chloroform, n-hexane and ethanol extracts. We found that the sonication extract contains high eugenol and eugenol acetate, high antioxidant activity along with high phenolic and flavonoid contents. Pak-Dek et al. (2011) also reported that Morinda citrifolia L. leaf extracts exhibited higher antioxidant potential using ultrasonic-assisted method compared with maceration and Soxhlet extracts. Ultrasonic-assisted method is considered to be more efficient compared to the other methods as it requires shorter time period (Chemat et al. 2004 ). Xia et al. (2006) also reported ultrasonic-assisted method to be highly efficient as it showed a better effect on the extraction of phytochemicals from tea at lower temperature compared to other conventional methods. Our present findings can be supported by a previous study where ultrasonication was found to be the best technique for extracting antioxidants from soybean compared to microwave and Soxhlet extraction methods due to its better efficiency (Chung et al. 2010) . Another study by Dhanani et al. (2017) showed a highest recovery of withanolide A, 12-deoxy withastramonolide and withaferin A contents by HPLC in ultrasonic-assisted solvent extraction compared to microwave-assisted and Soxhlet extraction methods. The higher recovery content in ultrasonication might be due to the fact that ultrasonic process uses high-frequency sound waves to extract the compounds from various matrices, thereby facilitating the release of extractable compounds and enhancing mass transport of solvent from the continuous phase into plant cells by disrupting the cell wall.
Conclusion
In this study, the different extraction techniques were found to significantly affect the antioxidant activity, extraction yield, and the total phenolic and flavonoid contents of the betel leaf extracts. The ultrasonic extraction method was found to be simple, rapid and a better method as the antioxidant activity, and phenolic and flavonoid contents were high compared to Soxhlet and maceration methods. The results from the study illustrate that the choice of proper extraction technique is important for obtaining extracts with essential pharmacological activity. The study about the total phenolic and flavonoid contents, and antioxidant activity of P.betle leaf extracts provides a proper awareness to obtain commercial utilization of this plant in the medical field. The HPTLC technique used in the present study facilitates the improvement of chromatographic fingerprint profile and quantification of eugenol and eugenol acetate for extracts produced by various extraction methods in terms of peak area. Eugenol and eugenol acetate having different pharmacological properties are used for the healing of various types of diseases such as nausea, vomiting, indigestion and flatulence, and also considered to be an effective antiseptic and germicide. Therefore, the designed method of HPTLC can be used for the quantification of eugenol and eugenol acetate in formulations containing Piper betle as the major constituent.
